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Abstract：Anaerobic digestion of low-grade biomass has attracted increasing interest in reducing greenhouse gas 
emission and facilitating sustainable development of energy supply. The theory of anaerobic digestion biogas 
generation and feedstocks are presented in this paper. It provides a review on mathematical model of and 
simulation research on the conversion of C, N, P in the process of anaerobic digestion. First order kinetic model is 
the simplest mathematical model which can simulate the dynamics of methane production. The advanced 
mathematical ADM1 is most popular, and simulates the conversion of C, N, P in anaerobic digestion. The model, 
simulation subjects and results of anaerobic digestion biogas generation of common substrates are given. Methane 
yield is the main subject of simulation investigation which is studied in almost all simulation researches on 
anaerobic digestion biogas generation, and some research reports the variation of volatile solid, volatile fatty acid, 
COD, CH4, CO2 and inorganic carbonate in the process of anaerobic digestion through mathematical modeling, 
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variations of ammonia nitrogen, inorganic nitrogen and total nitrogen. Simulation research on the conversion of P 
from sludge digestion is also presented. The challenges and future research trends of the conversion of C, N, P in 
the process of anaerobic digestion are forecasted.  
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1  厌氧产甲烷过程 
厌氧发酵过程是由多种微生物共同作用的复
杂生化过程，分为水解、产酸、产氢产乙酸和产甲








甲胺和 CO2、H2等转化为 CO2和 CH4。 
厌氧产甲烷过程也需要一定的环境条件：一般
发生在中温(35～42℃)或者嗜热(45～60℃)，多数适 
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图 1  甲烷产生过程 4阶段 























表 1  最大的产气量和理论甲烷含量 
Table 1  Maximal gas yields and theoretical methane 
contents 
Substrate Biogas/m3·(t TS)1 CH4/% CO2/% 
carbohydrates 790–800 50 50 
raw protein 700 70–71 29–30 
raw fat 1200～1250 67–68 32–33 
lignin 0 0 0 
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另一种方法是基于挥发性脂肪酸、脂类、碳水
化合物、木质素含量的计算[16-17]，采用式（3）进行
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产甲烷过程研究的模型以及应用于碳氮磷转化的模
拟研究介绍如下。 
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其中 
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其中，u是单位生长率；umax是最大单位生长率；n
是 Haldane指标（n=1或 2）；S0和 S分别是进口和
出口底物生长极限浓度；KS 是半饱和系数；KS,max
是最大单位底物耗用率；b是单位微生物衰变率；X















































以产生 0.31 m3沼气，沼气中甲烷含量为 65.8%，此
结果具有一定的参考价值，但结果是由多个样品的
平均值获得，而并非模拟研究所得。 
























































































物，采用 ADM1 模型模拟研究了总 COD、颗粒
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COD、可溶 COD 在整个厌氧过程中的变化，由于
整个过程中可溶 COD 平均降低了 62%，而颗粒






























































表 2  常见底物厌氧产甲烷研究模型、研究对象及结果 
Table 2  Model, simulation subjects and results of anaerobic digestion biogas generation of common substrates 
Substrate Model Simulation subject Simulation result 
biomass yield=0.065 g VSS·(g CODremoved)
1 (28℃) R2 =0.9792 pig slurry substrate mass balance 
model biomass yield=0.016 g VSS·(g CODremoved)
1 (38℃) R2 = 0.9941 
32% food waste+ 68% manure, methane yield= 282 L·(kg VS)1 R2 = 0.95 dairy manure and food waste first-order kinetics 
model 48% food waste+ 52% manure, methane yield= 311 L·(kg VS)1 R2 = 0.86 
wheat straw pretreated and cattle 
manure 
gompertz equation CH4 yields=(0.370±0.02)m
3·(kg VS)1 good agreement 
food/vegetable residues deterministic model methane %, biogas generation good agreement 
soluble COD R2 =0.8723 organic municipal solid wastes first-order kinetics 
model volatile fatty acids/ soluble COD R2 =0.6912 
grey waste first-order and Contois 
kinetics 
methane production good agreement 




effluent TCOD, SCOD and TVFA; effluent IC and IN; gas flow; 
CH4 and CO2 (%) 
acceptable fit not good fit





biogas production, methane content in biogas carbon dioxide content 
in biogas, hydrogen content in biogas acetate effluent, 
concentration, propionate effluent concentration 
acceptable fit not good fit
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